In vivo dynamics of the cortical actin network revealed by fast-scanning atomic force microscopy.
Together with lamellipodia and stress fibers, a dynamic network of actin filaments in the cell cortex plays a major role in the maintenance of cell morphology and motility. In contrast to lamellipodia, which have been well studied in various motile cells, the dynamics of actin filaments in the cell cortex have not yet been clarified due to a lack of proper imaging techniques. Here, we utilized high-speed atomic force microscopy for live-cell imaging and analyzed cortical actin dynamics in living cells. We successfully measured the polymerization rate and the frequency of filament synthesis in living COS-7 cells, and examined the associated effects of various inhibitors and actin-binding proteins. Actin filaments are synthesized beneath the plasma membrane and eventually descend into the cytoplasm. The inhibitors, cytochalasin B inhibited the polymerization, while jasplakinolide, inhibited the turnover of actin filaments as well as descension of the newly synthesized filaments, suggesting that actin polymerization near the membrane drives turnover of the cortical actin meshwork. We also determined how actin turnover is maintained and regulated by the free G-actin pool and G-actin binding proteins such as profilin and thymosin β4, and found that only a small amount of free G-actin was present in the cortex. Finally, we analyzed several different cell types, and found that the mesh size and the orientation of actin filaments were highly divergent, indicating the involvement of various actin-binding proteins in the maintenance and regulation of cortical actin architecture in each cell type.